Us. Gav'l

FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FROJECT: GFE

. "MEA NUMBER: 4.11.0 ORIGINATOR: JSC/AVIM ASTRAO

rART NAME; WRIST STACK LRI/ORU PART NUMBER: 3278890-506
PART NUMEER: 3275800-504 LRU/QOBRU PART NAME: CTVC

LEC CONTROL NO:N/A DRAWING/REF DESICNATOR:32TRI00
ZONE/LOCATION:N/A . EFFECTIVITY/AFFECT STAGE:

QUANTITY: 1
EYSTEM: CCTV
SUBSYSTEM:

CRITICALITY:

CRITTCAL ITEM?Y:_ ¥Yey SUCCESE PATHS:

CRITICALITY CATEGORY: 172 SUCCESE PATH REMAINING: _

END ITEM NAME:
END ITEX FITNCTIONAL:
END ITEM CaAPABITITY:

END ITEM FATL.URE TOLERANCE:
RENUNDANCY SCREFNS: (QREITERSTACE STATIH)®

A - Pass
E - Payy
C - Pask
D -

TNCTION: (1) No lens motinn, Le, focus, 2o0m, or iris. (2} Can't change gamma
oneal gain, ALL, color balancea or shatter cantrol.
Worst Casc: Loss of mission critical video

FATLTRE MODE CODE:

FATILURE MODE.CTVC does oot respond to any command via the AT panel,
the vplink, or the manugal switches.

CAUSE:

Al Fower Supply

A% Com T Tel Encoder
ASTCVOXD/IH

Al RGE proc

FATLURE DETECTION:
REMAINTNG PATHS:

EFFECT/ MISELDON FHASE:

CORRECTIVE ACTION:
Mone
FAILURE EFFECTS-
END ITEXYLRU/ORU/ASSEMBLY: Loss of camara ouiput
SLESYSETEMNEXT aSSEMELY/INTERFACE: No vided
"STEMEND ITEM/MISSION: Loss of mission critical vides

. CREW/VEHICLE : Nonc.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

““EA NUMBER.: 4.11.0 ORICINATOR: JSOMM ASTRO FROJECT: GFE
rART NAME: WRIST STACK LEC/ORT PART NUMBER: 3278830-504 QIIANTITY: 1
PART NUMBER: 3I7TRE90-504 LRL/ORL PART NAME; CTVC SYSTEM: CCTV
L5C CONTROL NO:N/A DRAWING/REF DESIGNATOR:3278890 SLBSYSTEM:
2ZONEALDCATHIN:N/A EFFECTIVITY/AFFECT STAGE:

HAZARD INFORMATION:

HAZARD: YES__ NO X
HAZARD ORGANIZATION CODE:

HaAaZARD NUMEER:

TIVME TO EFFECT:

TIME TO DETECT

TIME TO CORRECT:

FAILURE DPETECTION/TLIGHT

REMARKS:
“HATIONALE FOR ACCEPTABILITY-

-} DESIGN:

The CTVC is comprised of 21 electrical subassemblies; 15 subassemblies are GE Astro Space designed and fahricated using
standard printed circuit boxrd type eonstruction. The remaining siz asscmblies, 3 stepper motors, 1 brushless metor,
Prism!CCT. and Lens assembly ave vendor sepphies cumponeats, which bave been specified and purchased according 1o GE
Specification Control Drawing (SCDs) prepared by Engineering and Prodoct Assurance. Specifications per the BCD are
parformance, test, yualification, and acceptance requirements for a procured piece of equipment Purts. materials, processes,
and design guidclines for the CTVC program are specified Jn accordance with GE 3267759, This document defines the
program requiremiants.

MI-STD-975G will surve as the primary EEE parts selection document I a suitable part cannot be found io MIL-STD-
9730, erquivalent EEE parts thit meet the foliowing criteria may ie substituted.

Microcircuit s are at Jeast Class B Level, MIL-MI8510 devices, All microcireuts are subjected to Particle Impact Noise
Detection (PIND) testing per MIL-S8TD-833cClexcept for devices with plastic epusy-1ype package).

DHgdes and trapsistors are at least JANTXY in accordance with MIL-S-19500. All semi-conductors in cavity-type packages
zre subjected 1o PIND testing per MIE-STD-833C. Relays are procured €0 the bighest military estabiished reliability (Mil-
ER) level as defined in MIEL-R-30016. Relays are subject to FIND testing.

Switches are procured to at lease ihe sceond highest level of the appropriatc MIL-ER specification, Switches are subjected to
cither PIND testing or X-ray analysis as appropriate, for particle detection,

Other discrete farts are procured o at least the second bighest level of the appropriate MIL-ER spaciiication.
~1tg not included in the 2bove documents bave been wsed in the design oniy after a non-siandard paris acceptapce reyuest

SPAR) has been propared, submitted 1 Reliability Assurance Engineering and approved for use in the gpecific
application(s) defined in the NSPAR by NASA-JSC.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“AEA KUMBER: 4.11.0 ORIGINATOR: JSCMM ASTRO PROJECT: GFE
~ART NAME: WRIST STACK LRL/ORU PART WUMBER: 3:78820-506 QUANTITY: 1
PART NUMBER: 3278840506 TEUORU FART NAME: CTvC SYSTEM, CCTV
LSC CONTROL NO:NfA TRAWING/REF DESIGNATOR: J27R5%) SUBSYSTEM:
IONE/LOCATION:NIA EFFECTIVITY/AFFECT 5TAGE:

Warst cese circuit analyses have heen performed and documented Tar al? ciccuit designs 0 demonscrate that sulficient
operating marping exist for all operatag conditions. The analysis was worst case in that the value for each of the varishle
paramcters was cet to limits that will drive 1he autpui 1o a mazimum (or min). A componeot approach review and analysis
wak conducted to verify that the applicd stress on each piece part by the temperature extremes identified with environmental
qualification testing does not exceed the stress derating values identified in GE 3267759,

In addition, an objective examination of the design was prrformed through z Preliminary Design Review and Cricical Derign
Eeview 10 verify that the CTYC met specification and eastractual requirements.

BARE BOARD DESIGN .

Al buards are constructed fram iaminated copper—<lad epoxy glass sheets per MI1L-F-13949 Type & Grade A. Cirerit
connectiont are made throvgh printed traces which rum from point to point oo the board surfaces. Every trace terminates ai
an anauler Kng The anoular ring surrpunds the hole io whick a component iead or tesminal is located. This ring provides a
footing for the solder, ensuring good mechanical and elecirical performance. Its size and shape are governed by MIL-P-
£4540 a5 are trace widths, spacing and routing, These requirements are reiterated specifically in drawing notes 1o furtber
assure eompliance. Variation between the artwork master and the final product {dug to irregularitiés of the etching process
are also controlled by drawing notes. This pravents making defective bourds (rom good artwork. Holes which house no bead
or terminal, but serve paly to electrically interconnect the differeat board leyers, contain stitch bars for mechanical support
and increased reliability.

e through holes are drilled from a drill tape thus elimioatiog the possibiity of buman error and allowing tight control ever
nole apd anmular Fing cencentricity, an important reliability criterion, After drilling and etching, all copper cladding is tin-
'cad pluted per MIL-STD-14%5, This provides for eagy and reliable soldering ai the time of board assembly, even after
periods of prolonged storage,

EOARD ASSEMBLY DESIGN

All components are installed in a manner which assores masimem reliability. Component leads are pre-tinned, allowing
total wetting of solder joints. All lcads are formed to provide stress relief and che bodies of large components are staked
Sperial mounting and handing instructisns are incloded in each drawing required affer final 9ssembly. The haard is cozted
with arethane which protects againgt humidity and contamination.

{B) TEST: ACCEPTANCE
Each assembly is individually tested to 3 NASA approved Acceptance Test Procedure TE-AT-3178870. The Acceptance Test
Flow is detailed in Table 1. i )

DUALTFICATION TEST

The quatification uait is identical to the flight upit configuration in every respoct and 15 used solely for the purpose of
qualification testing. The Qual unit must sccesslully complete acceptance testing prior to entering qualification testing. The
Qual unit has passed testing in acenrdance with NASA approved test plan PN-C-32738%0. The Qualification Test Flow is
detailed in Tahle 2.

DPERATIONAT TESTS
In grder to verily that CCTV components ate operational, a test must verify the health of all the cemmand related
componants from the PHS (ATA1) panel switch, through the RCU, through 1he sync liocs to the Camera/’FTU, 1o the
CameraPTI] commamid decoder. The 1est maust 2150 verify the camera’s ability to produce video, the W5EI*s ability to rouce
‘e, and the monitor’s ability 1o display videg. A similar test would he periormed to verify the MDM command pach.

Pre-Launch on Orhiner Tosl To-Fiight Test
1. Power CCTV sxysiem
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FATLURE MORE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA NUMBER:

4.11.0 ORTGINATOR: JSCNH™M ASTRO

PRUOJECT: GFE

rART NAME: WRIST STACK
PART NUMBER: 227%350-54
L5C CONTROL NO:N/A

LRU/ORTI PART NUMEER: 32178350-504
LRT/ORDU PART NAME: CTVC
DRAWING,REF DESIGNATOR 3278850

QUANTITY: 1
S5YSTEM: CCTV
SURSYSTENM:

ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

2. Via the FHS panel, relect a2 manitor
3. Send “Camcra Power On™ command frem the
the PHS panel.
4, Select “External Syoe™ on manitar.
5. Observe video displayed an monitor.
Note rhat if video on monitor is svochronized {ic, siahle raster)
then this indicstes that the camers is
receiving compasite sy ne Trom the KCT and
thut the camers is producing synchronized viden.
6. Send Pan, Tilt, Focus, Zoom, ALC, and Gaipma
commands and visoally (either via the
mamitar ar dircct ebservation} verify operation.
7. Select downlink as destination and
camera under tesl 45 Sturce
8. Ohserve video ronted to downlink
9, Send “Camera Power OFf? command vza FHS panel.
10. Repeat Steps 3 through 9 except issue
commands via the MDM command path.

) INSPECTION:

seurgrnent Control - The CTVC EEE Parts and hardware items are procured from approved vendors and suppliers,
which meet the requizements set farth in the CTVC contract. Resident DFRO personnel review all procurement documents
1o es1ablish the need for GSLon seleceed parts (PATS1T).

Incoming Inspection and Storage - Incoming Quality inspections ire made on all received materials and parts. Results are
recorded by Jut and retained in file by drawing and control sumbers for future reference and traceability. AJ EEE parts are
subjected 10 incoming acceptance tesis as called for in PAl 315 - Incoming Ingpection Test Instructions. Incoming flipht parts
arc further processed in accordance with GE 1346634 - Erecunditioning and Acceptance Reguiremenis for Electranic Parts,
with the exception that DFA and PIND testing is net pecformed. Mechanical items are inspeeted per PAT 316 - Incoming
Inspection Tnstructions Tor Mechanical items, PAT 305 - Incoming Quality Conirel Inspection Instruction, and PAL 612 -
Procedure for Processing incoming or Purchased Parts Desigoated for Flight Tlse. Accepred items are delbvered 10 Material
Controlled Stores and retained under specificd conditigns until fabrication is required, Non-vonforming materials are held
for Material Review Board {MRB) dispositien. (PAT-307, PAL IQC-331)

Board Assemhbly & Test - Prior to the start of TVC bourd assembly, all items are verified ta be correct by stock room
personnsl , ac the iterms are accumulated to form a kit. The tems are verificd sgain by the gperator who assembles the kit by
checking apainst the ss-built-parts-list (ABPL). DPRO Mandatory Enspection Poiots are deqigned for all primted ciccuit, ire
wrap and welded wire boards, plus harmess conneewrs Tor soldering wiring, ¢rimping, solder splices and qualiky
workmanship pror to roating of the component side of boards and sleeving of barnesges.

CTVC Bosrds
Speeilic CTVC board assembly and 124t instructions are provided in drawing nates, and applicable documents are called out
in the Fabricativn Procedure and Record (FPR-3276890) and parts list PL32788%0, These includr: Process Standard RTV-
556 2280881, Process Standard - Bending Velero Tape2280889, Specification Seldering 2280749 - Specification Crimping
180800, Specification - Bonding and Staking 2220878, Specification - Mirking 2230876, Specification - Workmanship
0035 Specification Bonding and Staking 2280E7S, specificalion-Wave Solder 2280521, Specification-Printed ¥Wire Board
.aking 225085, Specification-Reflow Soldering 2280754, Specification-Soldering Surface Mount Components 20005710,

CTVEC Assembly and Test
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. “WMEA NUMEER: 4.11.0 ORIGINATOR; JSCMM ASTROD FROJECT; GFF
FART NAME: WRIST STACK LEV/ORU FART NUMBER: 3274880-506 QUANTITY: 1
FART NUMBER: 3278890-506 LEIVORD PART NAME: CTVC SYSTEM: CCTV
L5C CONTROL NO:K/A DRAWING/REF DESIGNATOR: 3278850 SUBSYSTEM:
ZONE/LOCATIONR:K/A EFFECTIVITY/AFFECT STAGE:

An upin bos test IS performed per TP-I'T-3278520 and ae Accepiance Test per TP-AT-JITE8H, indduding vibraticn and
thermal vacuuny, ‘Torgue's are specified and witnessed, traceability oumbers are recorded and calibrated cools are checked
privr to use. GE Cheality and DEPRO inspections are performed a tbe completion of specified FPR operations in acrerdance
with PAT-204, PAL-205, and PAI-217. DPRC personel witoess CTYC button-up and critical tarquing,

The CTVC is packaged according to CCTV Letier 8011 and 2280748, Process Standard for Packaging and Handling
gnidelines, All related ducumentation inchuding assembly drawings, Parts List, ABPL, Test Data,efc., is gatbered and beld in
a decumentation folder assigned specifically to each askembly. This falder iz retained for velerence. An EYOF v prepared for
each assembly in accordance with the requirements of WE-1383176. GE QC and DPRO personoel witness crating,
paekaging, packing, and marking, and review the EIDP for completeness and accuracy,

TABLE 1. ACCEFTANCE TEST FLOW
1. ROOM AMBIENT PERFORMANCE TEST

Test conducted per 1he regquirements of NASA
appraved TP-AT-327E590,

2. ACCEPTANCE YTIERATION EXPOSTRE
20-80 Hz: 3 dbdociave cise From 0,01 §2/Hz to (.04 g2/H:
§0-350 Hx:0.04 g2/Hr
.  A50-2000 Hz: 3 dB ociave decreased to U006 g2/Hz
Test Duration: 1 minutafaxis, aperaling
Test Level: 6.1 grms

3 POST-¥IBERATION FUNCEIONAL CHECK
Tast conduibed per the reéquircrments of NASA
approved TP-AT-3278890.

+ ACCEFTANCE THERMAL-YACUUM EXPOSURE
1.5 cycles toeal from +11% deg Fio +14 deg F.
Afier stabilizativn, on€ hour minimum Juration
at cach platean. In-spoe functional tests perfocmed al
each platzau,

5 POST-ENVIRONMENTAL PERFORMANCE TEST

Ripoen ambient perfurmance testz conducted in
accordance with KASA approved TP-AT-32 Ta800,

TABLE 2. QUALIFICATION TEST FLOW

1. EMT
Conduct teats run in aceerdance with the reguirements of
EL-E-0402B, ineluding CS01, CE02, CS06, TTO1, CERO1, and CED3,
Rudiaicd tests run in agcordance with SL-EO002B including RS02, R543,
and REO02 except that the test currene for B502 was 2 amps in lieu of 20 amps

' OLAL FOR ACCEPTANCE VIERATION
. 20-80 Hz: 3dbfoctave increasing 1o 0067 p2/Hs
R=350 Hz: 0067 octave
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“EA NUMEBER: 4.11.0 DREIGTNATOR: ISCMM ASTRO PROJECT: CFE
PART NAME: WRIST STACK LEIWORTU FPART NUMEER: 32783%4-306 OTANTITY:
PART NUMBER: 3J2T5R00-504 LRU/ORU PART NAME: CTVC SYSTEM: CCTV
LSC CONTRAL N(:NfA DEAWINGREF DESIGNATOR:32THEN) SUBSYSTEM:
ZONELOCATION: N A EFFRECTIVITV/AFFECT STAGE:

350-2000 Hz: 3dhfociave decregse
Test Level: 7.5 21ms
Test Duration: S minutes/axis pperating

3, FLIGET QUATTFICATION Y1IERATION
20-70 Hz: 8 dBsoctave increasing to 0.4 g2/
70-500 Hz: V.3 g2(Hz
S-2000 Hz: $dbfoctave decrease
Test Level; 1B.1 gros
Test duration 48 minutesfaxis non-opuerating

4. THEEMAL-VACUTM
7.5 cycles total from +130 deg Fto +2 deg F.
After stabilization, ane hour minimum duration at each platean.
In-spec functional tests performed at each plateau.

5. THERMAL STMULATION

Worst case hot and cold mission emironments
simulated in vacwom, Ducing bot case, in-spec
operadion is required for & of 14 consecutive hooss.
During cold ¢ase, in-spee operation is required For
14 consecutive hours

&, HUMIDITY
29 buw rs ¢xpasure to 85% RH including four 24
bour temperature cycles of H60 deg F o +125 deg
F, pop-operating,

(D] FALLURE HISTORY:
Mong,

fE] OPERATIONAL USE:
Lass of vides. Possible luss of major rmission ohjectives due to loss of
RME cameras or other required cameras,

(F) MAINTAINABILITY:

PREFPARE} BEY:Bernic EMbrey REVISION:

DATE: February 17, 1995 WAIVER NUMEBER
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